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. Overlies Specs. Grp. R. Carbee 77+ Subs S, Engrg.

Amendment No. 2

v '~/ =
/"’/Lf’/‘{/j Oﬂl/gf‘/\/ i C?;( weuu.f /,/f{ L ’/' ,ﬁ L Date: 22 March 1966

. 'Rulon Engr. . Whitaker/f/ Syst ms Engrg. 1

, Wiesinger Page 1 of
- - 2 -
'{~")//:ﬁ'/4’ "{’/; /7 %/}fﬁw //‘,r ’//f.‘n»—-
A. Reynoldsf GSE Engr. H. Peck GSE Project Engzﬂ I

B Hord 3/oafis

Approx[ed by JASA 4

THIS AMENDMEAT IS UNCLASSIFIED WHEN REMOVED FROM SUBJECT SPECIFICATION.

DISPLAY EQUIPMENT,

" EXTERNAL VISUAL,

DESIGH CONTR0L SPICIFICATION FOR (U)

This amendment forms a part of Grumman Specification LSP-L40- thOlB
dated 10-30-65, per reguirements of LVC-L40-655-009.

Make the following change:

Page 18, para. 3.3.2.1(e): Under "EQUIPMEIT CAPABILITIES" add the following subparagraph:

"The shadow of the LEM on the lunar surface shall be. simulated with sufficient
accuracy as to provide a range reference to the LEM view.

GROUP 4

Downgraded at 3 year intervals;
declassified after 12 years.

“WARNING: This material contains information affecting the national defense of the United
States, within the meaning of the Espicnage Laws, Title 18, U. S. C., Sections 793 and
794, the transmission or revelation of which in any manner to an unauthonzed person is
prohublted by law.”
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. ' - . 7 DISPLAY. EQUIPMENT,

EXTERNAL VISUAL,

ESIGN CONTROL SPECIFICATION FOR (U)

This amendment forms a part of Grumman Specification LSP- 440~ 1410013
dated 10-30-65, per reguirements of LVC~-440-655-013.

L\ Make the following change
—
Page 1k: Add:
"3.2.4.13 Status Signals From the Interface Junction Section. - In addition to those

signals from the ZVDE drive computation and control, status signals shall be provided as
follows:

{a) Power ON ~ Indicates power is available at the output side of the first
EVDE circuit breaker or switch and output of power supplles
in the Interface Junction Station.

(b) Power OFF - Indicates power has been shut down to eny individuael section of
the EVDE.

(¢) Limit Signal - Indicates any probe or similar eguirm

ent
stop which would =&l +, < ini m"‘r:’-'.."‘."
COp wnicho ~ould abocrt the ralning mission.

‘GROUP 4

Downgraded at 3 year intervals; .
declassified after 12 years.

“WARNING: This material contains information affecting the national defense of the Umted
States, within the meaning of the Espionage Laws, Title 18, U. S. C., Sections 793 and
794, the transmuss:on or revelation of which in any manner to an unauthonzed person is
prohlblted by taw.”

ENG 661.1 4-63
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Page‘lh (Continued) : - o7

The specific points from which these status indications are taken shall be selected
by the vendor and shall be .approved by Grumman."




Spec. No, LSP-1440-11001B

2 AFPLICABLE DOCULENTS

specified.

(a) Government Documents

SPECIFICATION Date:  6-2-65
Page: __ 1
DISFLAY EQUIPMENT, EXTERNAL VISUAL
DESIGN CCNTROL SPECIFICATION
1 SCOPE
1.1 Scope. - This specification establishes the require- '

ments for the design, fabrication, testing and rreraration for delivery
of an External Visual Display simulation equipment (EVDE) for use in
conjunction with the Arollo Spacecraft IE! lMission Simulator (128). The
EVDE and assocleted eguipment when integrated with the IMS shall be used
in the training of the LEM flight crews.

. .
2.1 Cereral. - The following docurments form a part of : '

-this sy=scification to the extent syecified herein. Federal and !filitary

docurents shall be the issue in effect on 14 January 1963 unless otherwise

(1) Military
STANDART'S

MIL-STD-681

MS 33586
SPECIFICATICNS

MIL-C-5541

MIL-T-7003

MIL-A-8625

MIL-P-16232B

Identification, Coding and Applicable
Hookup Wire

l'etals, Definiticn <f Dissimilar

Chenical Films for Aluminum and Alumi- -~
num Alloys

Trichlorethylene-Stabilized Degreasing .

tnodic Cocatings, for Aluminum and
Aluminum Alloys

Fhosphate Heavy Manganese Coatings,
or Zine Base (for Ferrous Metals)

Code 28512 Eng-2719C QB 687
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SPECIFICATION

Spec. No. LEP-140-410018

Date: 6-2-65

Page: 2

2.1

(a) (Continued)

(2)

(3)

y]

:Federal

STANDARDS
TT-5-176
QQ-P-L16
TT-E-527
TT-E-529
FED-S5ID-595
HASA
DOCULENTS
MSFC

Cffice of Systers

1SC

' PHOTOGRAPHS

NASA Nos.

§-6L-29031
S-6L-29032
S-64-29033
S-64-29035
5-64-29040

Sealer, Surface, Varnish Type, Floor,
Wood or Cork

Plating, Cadmium (Electrodeposited)
Enamel, Alkyd, Lusterless
Eramel, Alkyd, Semi-gloss

Colors

Trafting lanval, Section 15

"Fnvironmental Fazetors Involved in
the Choice of Lunar Cperational
LTat~s and the Choice of Lunar Land-
ing Sites" by Epgleston, J.M.,
etal, I'ASA, Houston, Texas, dated
Nov. 22, 1963

Photograrhs taken by Ranger VII
Spacecraft on July 31, 196k.

Code 20512
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Spec. No. LSP-440-41001B

1o
o

(v)

(c)

3.1
(a)
(b)

SPECIFICATION Daie:  6-2-65
Page: 3

2.1 (Continued)

{p) Grumman Documents
QCP No. 2.12 - Vendor Quality Control Requirements -

‘ Supplies

Drawings
LSCLL0-L1001 Display Equipment, External Visual,
(Iatest Revision) Specificatien Control Drawing for

Availability of Documents. -

Copies of Federal cr Military documents may be obtained uron
arplication to the Surerintendent of Documents, U.S. Government
Printing Office, Washington 25, D. C., 20L02.

Cories of NASA documents may be obtained upon request from the
procuring activity or as directed by the Centracting Officer.

Copies of this specification and other Grummen docurments may

be obtained upon recuest Trom IEM Program Data lanagement,
Grurran Aireraft Encineering Corporaticn, Bethrage, Ieng Islend,
tlew York, 1171k, '

3 REQUIREMENTS

Gereral. - The EVDE shall consist of the following:
Image Generating Section

Visual Display Section

(¢) Interface Junction Section
(4d) EVDE Acceptance Test Equipment
" Code 28812  Eng-275C . QB 847 : : _ EDP Sheet No. ok




Spec. No._LSP-4L0-11001B

SPECIFICATION Date: ____6-2-65

Page: L

3.1 (Continued)

The Tmage Generating Section shall be capable of
generating the images and views specified in this spe01f1catlon and trans-
mitting same to the Visual Display Section.

The Visual Display Section shall be capable of pre-
sentlng the views generated to the two crew members of the simulated LEM.

The Interface Junction Section shall provide for the
electrical and mechanical connection to the computer complex when inte-
grated with the IS or EVDE acceptance test equipment. Buf?erlng and
signal conditioning will be the resronsibility of Grumman.

Tre accertance test equipment to be supplied with the
EVDE shall consist of test film and resolution charts. However, the
verdor shall rake available for accertance tests the equipment carable of
supplying on a single axis basis signals to the EVDE system in all normal
degrees of freedcm. These signals chall have calibreted static &and
dyranic megnitudes directly related to perforwance reguirements srecified
herein. These signals shall be injected in the EVDE via the Interface
Junction Section.

2.1.1 Purrose. - Functiorally, the equirment shall te de-
sirned to rresent an accurate and realistic visual sirulation of exrectzd
views to be secen by Asirorauts through the LEM windows and optical instru-
ment, when inflight under the oreraticnal phases outlined in 6.2.

The window and optical instrument displays vhen inte-
grated into the IMS shall provide, but not be limited to, the following
training criteria:

(a) Provide realistic visual presentation of exterral envirorment.

(b) Aid in IEM attitude orientation training by crew members with

. corresronding reaction control system training and practice.

(¢) Train crew to select moon landrarks specified for ravigation
and judge general range and position by surveillance of the
window and optical instrument scenes.

Code 28512 Eng-270C QB 087

- ‘ EDP Sheet No.os
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Spec. No, LSP-1k0-410018

SPECIFICATION Date:  6-2-65

Page: 2

3.1.1 (Continued)

(d) Train in the APOLLO mission phases of rendezvous, docking end
transposition and all other phases defined in 6.2.

(e) Train in moon landing procedures.
3.1.2 Data Requirements; - Data and drawings referenced or

described by the raresgrarhs herein, shall be submitted in accordance with
the purchase order.

W

.2 Design and Construction. -

3.2.1 General. - The detailed mechanical and electrical
design of the eguirment chall te accomplished by the vendor, subject to
the requirements of this specification. Requirem=snts of this specification
are deteiled only to the extent considered necessary to obteain the desired
mecheanical, electrical and visuval characteristics, perforrmance and permen-
ence of same.

/

3.2.1.1 Confipuration. - The configuration of the EVDE shall '

te in accordance with Srummsn Syecification Control Drawing L.SCLLD-L1001.

2.2.2 Selection of lMaterials. -
3.2.2.1 Electron Devices. - A 1list of selected electron tubes, l
transistors, and diodes, incluzaing the description, application, and

quantity, shall be subtmitted to Grumman for review and aprproval.

3.2.2.2 Metals., - letals shall be corrosion-resistant wherever
rracticable. INon-correcion-resistant metals, when used, shall be suitably
protected to resist corrosion. '

3.2.2.3 Dissimilar l'etals. - Cecntact of dissimilar metals as
defined 'in 14S-33585 shall ve avoided wherever possible. When such contact
is unavoidable, and if practicable, the metels shall be electrically insu-
lated with paint, non-metallic washers, chemical films, or anodic coatings.

Code 26512  Eng-279C QB 8487 EDP Sheet No. 06
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Spec. No, LSP-140-410018

SPECIFICATION Date: ___6-2-65
Page: 6
3.2.2.4 Non-Metals. - Materials not nutrient to fungi shall

be used wherever possible. Wherever fungus nutrient materials must be
used, they shall be treated with an approved fungicidal agent acceptable
to Grumman.

3.2.2.5  Materials Finish. - Protective coatings and finishes
which will crack, chip or scale during normal service use or extremes of
atmospheric conditions shall not be used.

3.2.2.6 laterials and Processes. - In the selection of materi-
els and processes, fulfillrent of major design requirements shall be the
prime consideration. OCrumman arprovel shall be obtained prior to the use
‘of any raterials, processes, rprocessing equiprent and rroc ssing vpersonnel.
When temporsry suvbstitutions are made, drawings shall note the applicable
government specification of the alternate material.

3.2.2.7 Limited Life Tters. - Ilo item shall be scheduled to
be removed or rerlaced within & 350xhour reriod. Where raterial and
articles having definite characteris\ifs of degradaticn with life or use,

are employed, they shall bte marked to\indicate, by date or frequency of
use, the baginning and exyected end of useful life. Adequate procedures
shall be initiated to control items of this- nature, to insure their re-
novel and replacerent on 2 scheduled basis in the appropriate phase of the
progrem.  The maximum perrmissible testing time shall te given as a percent
gge of total life. Articles exceedirs this meximum test life may not be
used in deliverasble equijument. Accurate orerating logs chall te maintained
cn parts and equirment containing items with limited life characteristics
and these logs shall te submitted with the equipment. Prior to use of any
item with limited life chearacteristics, approval shall be received from
Grumman. A waziver may be given for illumination lamyps, if present state-
of-the ert does not indicate 250 hours of life for these components.

3.2.2.8 Commercial Parts. - Cormerc1al rarts haxlﬂ” suitable
properties may be used where, on the date of invitation for bids, there
are no suitable standerd rarts. 1In any case, commercial utility rartis,
such as screws, bolts, nuts, end cotter pins, heving suitable properties
may be used provided:

(a) They can be replaced by the stendard parts (MS or AN) without
alteration.

(b) The corresronding standard part numbers are referenced in the
parts list and, 1f practical, on the contractor's dravings.

26512  Eng-279C QB 667
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Spec. No, LSP-1440-410018

4

SPECIFICATION Date: 6-2-65
Pagc: I
3.2.2.9 Interchangeability. - All parts having the same

supplier's part number shall be functlonally and dlmenSLOnally interchange-
able.

3:2.3 Electrical Requirements. -

3.2.3.1 Availeble Primery Pover. - Primary power available at

- site of installation is 277/LB0 V - 3 phase - 60 cycle at 8% voltage

regulation and'+ 3% freouency regulation. lMaximum voltage transient will
be 15% for 0. 25 seconds. Also available is 120/208 V transformer courled
from prime power.

3.2.3.2 Simulator Power. - All simulator equirment shall be
designeda to operate from the yrime power with a power factor not less than
85 rercent. The equipment shall be carsble of connection to power surply

in accordance with power demand as follows:

Terand ‘ Power Supply

1200 watts or less 120/208 V - 1 vhase - 2 wire
Over 1000 watts 277/480°V - 3 phese - L wire
2.2.3.3 Power Cenversion Fauirment. - Power cvonversion ecuip

(’1 (O3]

ment recessary for correct imss reticon and disriay shall be uenior ..
Turnished es rart of the EVLE. "Po equiyment when in normal orperaticn
shall rresent & load thaet is telanced as close as yossible on each phase.
Any urbealenced current on cne locg shall not be grester than 109 of the
averaze of the three leg currents.

3.2.3.0 Cverload Frotection. - Protective devices shall be
incorporated to protect the EVLE Ifrom darage due to overload, excessive
heating end shorts. Less of power or reference volteges shall not
darage the EVDE. The protective devices shall be located as to be readily
accessible for replacement. Light indications shall be used to indicate
blown fuses or tripped circuit breakers. The equipment shall te capsble
of resuming normal opersziion upon removal of the overload or restoration
of power or reference -oltages.

Code 26312 Eng-270C QB 687 EDP Sheet No. 08
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Spec. No. LSP-440-41001B

SPECIFICATION Dute:  6-2-65
Page: 8
3.2.3.5 Workmanship. - The equipment, inecluding all parts and

accessories shall be constructed and finished in a thoroughly workmanlike
manner. Particular attention shall be paid to neatness and thoroughness
of soldering, wiring, impregnation of coils, merking of parts and assem-
blies, piating, painting, riveting, machine screw assemblage, welding and
brazing, and freedom of parts from burrs and sharp edges.

3.2.3.6 Internal Wiring. - All wires within electronic sub-
"assemblies and assertlies, shall be identified by adequate color coding
in accordance with Standard MIL-STD-681.

3.2.3.7 External Wiring. - Each wire and cable installed be-
tween subassemblies, s&ssermtlies, and their units, except those within
electronic subassemblies &:4 ass=mblies, shall te identified by imprint-
ing or the wire, cable, cr sleeve in eddition to color coding requirements
of Standsrd MIL-S5TD-€81. The identification shall be placed within three
nches of each connection and shzll be so located that shielding, ties,
lemrs, or surporting devices do not have to be removed to read the identi-
ication. Each wire shell te identified by a dual method of murking which
~designates the connection points et cach end of the wire. The portion of

te rlaced nearest to the end of the wire. A slash mark shall serarate
the two yarts (vortions) of the identification warking (for examrle, switch
S-3 -has one.wrire leading to terminal three of terminal board TH-1. The
wvire should be identified on the switch end as S-3-1/78-1-3 &nd or the
termiral board end as Tr-1-3/8-3-1). 7o facilitate this method of marking,
at least every tenth terminal shall be identified. The terminals shall be
s to the voltage und frequency. All plugs and connectors chall
zssigned a reference desipnation in accordance with NASA Document
MFSC, Lrafting tenual, Section 15. All wire markings shall be of suffici-
ent cize to be legitle and shall be murred in rermanent colors to provide
suiteble contrast with background wire, sleeve, or cable covering. The
type shall retain sdequate hardness to permit legible marking.

-

Code 28512 Eng-270C QB 887

- EDP Sheet No. o9

ot oymr i g ot i Pt A ” » LY W Ty v e it oy




4

Spec. No. LSP-hL0-110018B
SPECIFICATION Date: 5-2-65
Page: 9
3.2.3.7.1 Grounding. -~ A éeparate chessis, signal and power

ground, isolated from each other, shall be provided to minimize cross
talk and noise. All common grounds shall have a common tie point (to
be determined by Grummsn).

3.2.3.8 - Electronic Perts Tdentification. - Electronic parts
such as caracitors, resistors, relays, transformers, and other circuit
rerts, shall be identified by reference designations stamped on the sub-
assemblies and assemblies adjacent to the parts. All subassemblies and
asserblies shall be identified by reference designations stamped on the
mounting adjacent to the subassemblies and assemblies. These identifi-
cation symbols shall be the came that appear on the applicable circuit
diacrems ard chall be completely legible and located in a position to
facilitate icdentification.

rts Ferlacement. - To facilitate elec-
igte standerd type desirrations, such
woed on the surface of all subassemblies
and ass @mblles edjacent to each cdevice. Vhere electronic parts are soc
mounted, the opposite side of the subasserblies and assemblies shall be
rarred with the aprrorriats eircuit sgimbol d651b :ation, such as V-1,

V-2, etc.

3.2.32.10 Transfermer Conrections. - Transformer connections
shall te clearly marksd on the sulascse Llles grnd assenmblies riear each
connection.

3.2.3.11 Circuit Diasramg. - Circuit diagrams shall bte pre-

rared as srocified herein.

3.2.3.12 Circuit Turts Rerresentation. - All circuit parts
shall be reyresented on circuit diagrams using symbols conforming to
TASA Document !5FC, Lrafting Manual, Section 15.

rarts, such &s condensers, resistors, relays, transiorners, and other
miscellaneous circuit partu of trhe simulator equipment, shall be identi-
fied on the applicable circuit diagram by reference designations conform-
ing to ITIASA Document }SFC, Drafting llianual, Section 15 end numerical
designations assigned by the subcontractor.

ket

3.2.3.13 Electronic Parts Peference Desirnations. - Electronic

Code 28512 . Eng-278C QB 847 EDP Sheet No. 10
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Spec. No, LSP-1410-110018

SPECIFICATION Date:  6-2-65
Page: 10
3.2.3.14 Cables and Connectors. - The equipment shall provide

for use of cables and connectors in asccordance with commercial stendards.
The design shall be such as to provide maximum convenience and safety to
rersonnel in installing, operating, and-interchanging a complete assembly
or component rart. Satisfactory provision shall be made to prevent person-
‘'nel from accidentally coming into contact with hazardous volteges. "The
design shall be such as to prevent reversed assembly or installation of
connectors and cables. Cebles shall be suitably identified with their
mating connections.

3.2.3.15 Reference Signals. - Outputs in the form of analog
volteges will be provided by Grurzmanfor driving the visuzl display when
integrated into the L¥S. The dc reference voltages for rotentiometers,
servos, etc. shall be + 10 volts raximum. A reference voltage power
surply will be furnished when the equipﬁent is integrated into the LIS,
-and will have the fcllowing characteristics:

&

Voltage \ + 10 volts DC
Ripple 5 mv peak-to-rveak

L ss than 1 mv RMS
Current . 13&

. Faxinum total scale factor for any one signal shall
not exceed + 10 volts. :

The ac reference voltage shall be 26 volts, L0l cycles

at 10 ma.
3.2.4 Ixterrsl Visuzl Display Requirements. -
h 1 Vicuel Irocentation. - The external views through the
LEH MLnoo and orptical insi - is shall te realistically simulated by
the a’splav of virtuel iragsg. The irmage pattern, shape, proporticnate
size, outline and d&etail shzll Jepend on viewing range, orientation of

object- with resrect to LI angular displacement and visusl perspective.

Superimposed scenres over tackground presentation shall be accomplished
without noticeable blurring, distortion or "bleed through" except that
"bleed through" of stars through the CS!7 is allcwable. Sceres shall te
shified so that no noticeable jitter is terceived by the LEM crew. Shifts
in scele ere permissible provided they do not detract from the training
value.

Cose 3832 Eng-1TsC QB 841 EDP Sheet No. 11
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3.2.4.1 (Continued)

In addition to the generation and display of the
vwindow view images, .there shall alsc be generated those portions of the
exterior part of the LEM vehicle that are within the field of view. The
following portions of the exterior of the LEM vehicle shall be generated
and displayed:

‘(a) Resction Control System Jets

(b) IEM structure as visible in tre two (2) front windows
(c) Front Landing Gear Leg

(d) IEM structure as visible in overhead window

< e items shall be displayed in the.correct releative
resition, distasnce &ic'size s seen from the viewing positicon.

(

Turing the ascent phese, the front landing gear leg
shall be deleted.

: rh”lﬂg reniezvous end docking, the CSM shull be visible
in either the two (2) front windows cr the overheed window.

3.2.k.2 i
sirulated scenes, tic Lill ena Cll dynenies &
used.

gn purpcses, in relation to
ecified in Table I shsll te

.2.k.2a0 Frovicl for rercsiticning of the display scene to

—~ £
ny voeiticon rrevicusly sttaincd during a rrotlem, following a stop, shall
be rrovided snd si:igll include adequate conirol of transient effects of the
reiurn to rrotect the equirment fron demape. Repositioning to any part of
the problem shall not exceed 2 minutes, except thzt lunar occulation re-
pcsitioning sball nct exceed 5 minutes.

cn. - For design purposes in relation to
teg, tcdy exes interface and ocutside
ied in Figures 1 through 4 shzll be wsed.

3.2.5h.4 Felative Notion and Pocition. - Relstive motion end -
pesiticning of the otjects teing viewed by tne LR crew shall be a fune-"-
ticn of . the irage generation and/or visual displsy. The simulated LEM
spacecreft through wicse windows the LM crew will be viewing the visusl
displey will be & fixed land tesed itenm. .

Code 28512 Eng-270C QB 47 EDP Sheet No.
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3.2.4.5 Resolution. - The resolution (see 6.2.5) of the dis-

play as viewed by the crew merbers shall be a minimum of 5 minutes of

arc, as seen from the normal eye position for each window. The scenes
presented by the television system shall have minimum resolution of 12
minutes of arc as seen from the normal eye position.

3.2.4.6 Visual Persrective. - The displays to each crew
member at the time of cocking, rendezvous landing and ascent shall be pre-
sented independently so theat z prorer persrsctive can be ettained at
shorter ranges. These 1ndere“¢ent rresentations shall occur whenever the
object viewed is displayed at simuleted slant ranges of 10,000 feet or
less. All other views need not be rresented inderendently.

3.2.L.7 ‘Sterfield Disprlay. - Display of all stars down to but
not including the fifth (5th) wagnitude. A 1list of these stars, approxi-
mately a thousand (1020) stars, will be furnished by Grummen. All stars
shall be located to with1n 0.5 degrees of real ster intersratial position,
as viewed from the I A1l stars shall be of subliminal diameter.
3.2.4.8 £ - The visual disrlay shall be viewed by
the two man og {3) wirious and one (1) telescope. In
norral flirht e two-ran crew shall te serzrated (on centers)
LL inches and all tra n eye excursion and viewing area as
shown in Fifure 5. The geometry of the winrdows and telescope is as shown
in.Figure ~, sheets and 2. The telecscope penetrates the upper rortion
the cebin at Y = 0, 7 = 56.5. Field of view of telescore is directed
along an axis LSO up from the 7 axis and rotated 09, CW <0°, CCW 62O,
and STCW (no view) about the X axis when viewed from the top of the LEM.

The field of view of the.two (2) front windows shall
have a ninimum major diameter of 112° and & minimum minor dismeter of 829,
Within these boundaries the exterral view shall te surpliesd to the rormal
eye vosition by means of an exit puril of 12 inches in diameter. This
exit pupil reyr be pleced slightly forvard of the eye position so as to
allow maxirum head movement of the astronauts and still remain within the
eye puril. X

For the two front windows wherein vehicle window, or
Astronauts constraints rrevent viewing the entire field of view over the
entire exit puril, the unokservable view can be clipped with Grummsan
approval. )

Code 26512 Eng-279C QB 847 EDP Sheet No. 13
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3.2.&.8.1 Overhead Window Viewing Area. -

(&) The overhead window shall be provided with all visual displays
' with continuous + 36“ rotation about all axes. The quality
" and number of pos51ble views provided shall be in accordance
with this specification. LEM DYNAMICS &s specified in Table I
shall be applicable to the overhead window. The field of view
shall be at least + 20° each side of the window centerline in
the Y direction-ard + 15 end 5ﬁ from the vertical in the 2
direction (i.e. the -50° is in the +Z direction). Within these
boundaries the externel view shall be supplied to the docking
eye position by means of an exit puril of 8 inches in diameter.

(b) The necessary docking targets on the model of the Command
odule in the yresent T.V. docking system shall be provided.
A sichting device in the IEM overhead window (latter to be
specified by Grumran) chall be provided.

.9 Display Irnstallation Boundary. - Images shall be gener
isplayed within the fcllowing boundaries:

(a) 1Installed height of sny one unit shall not exceed 20 feet.’
(b) Iength .of any one unit shall not exceed LO feet.
(c) Width of any one unit shall not exceed 25 feet.
. (d) Floor area of any one unit shall not exceel 575 sq. ft.
(e) The floor area incluiing all units shall not exceed 1830 sq. Tt.
| | The IMS cabin to be mated to the EVIE is . as specified

in Figure 7. The EVLE shall not rrotrude in the IS eabin without
Grumman approval. ‘

3.2.4.10 There shall be no objectionablp reflection of the crew
or other vehicle systcws or hardware from the cdisplay elements of the
EVDE.

3.2.4.121 The vendor shall surply the necessary engineering

liaison services, information and data with Grumman to enable manufacture
of the rsquired lunar and earth film for procurement as GFE.

1L
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3.2.4.12 .Occultation. - Provisions.shall be made for the

following occultations:

(&) Star Field - Occultation of the star field behind the Earth
and Moon. . ‘

(b) Moon - Occultation of the Moon behind the CSM.
(e) Earth - Occultation of the Earth behind the Moon.
(d) CsM - Cecultation of the CSM behind the Moon.

(e) Sun - Cccultation of the Sun behind the Xoon during orbit of
the IE! and during the hover and leanding rhases.

3.2.5 Telegcore. - IEM flight equipment includes a telescore
to be utilized Tor star signtings to uriste yosition information for the

- Inertial measuring unit, for lendmark sightings and for obserwvation of the

CS8!! during rendezvous rhases. Tnis telescore will be provided by Grurman.
Tr.e following telescore characteristics shall be used in the design of the
EVDE:

(a) O0 Degree Field of View

(b) 1X FPower

(c) Rotatable to four (4) fired detent positions. Tositions are as
follows: +62°, 00, -£2°, end STCW (no view). Positions are

measured in the IE!M Y-Z plane.

(1) Telescope equiryed with reticle carable of reading + 1 min. of
. arc. '

(e) Outside dimensions of the Telescope shall be supplied by Grumman.

The star field display careble of being viewed thru
the telescope shall consist of ell stars down to and including the fourth
maznitude. Fifty four (54) of these stars will te chosen as the star

.catalog for navigational pnrposes at a later date. These navigational

stars shall be presented to the optics of the telescore with an accuracy
of + 1 MINIl of ARC with resrect to their true intersratial position.: The
rerainder of the ster tackgrourd shall bte only accurate enough to enable
recognition of constellation so that navigational stars can be recognized.

Code 26512 - Eng-215C QB 687 ) \ EDP Sheet No. 15
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3.2.6 ' Interface. - The EVDE shall be capable of being inte-

grated into the LIS by use of Interface Junction Section. All parasmeters
of control and operation of the EVDE shall terminate in this Interface ~
Junction Section for. connection to the input/output section of the computer

in the IMS. This shall include all 60-cycle power and all reference volt-
ages.

3.3 Performance. -
3.3.1 ' General EVDE Operating Capabilities. - The EVDE shall

.be capable of generating, integrating and rresenting views of Sun Shafting,
Moon Surface, Command Service lodule, Starfield and Earth (including semi-
fixed cloud cover) in aprarent € degrees of freedom with respect to two
viewers during the following opsra*ional rhases (as defined in 6.2).
Washout of all visual scenes vhen the Sun is in the Astronavts field of
view shall be provided. '
(a) Lunar Orbit
(b) Descent:
(1) Comsting Descent Transfer Crbit
(2) Fowered Descent:
a. Initial PTowered Descent
b. Final Powered'Desccnt
c. Flure to Lending
(¢) Ascent:
(1) Powered Ascent
(2) Coasting Ascent Transfer Orbit
(3) Rendezvous
(4) Docking
(a) Avort

(e) Limited Earth Orbit

Code 28512  Eng-270C - QB 687 i EDP Sheet No.16
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3.3.2 Detail EVDE Operating Capabilities. -
3.3.2.1 Lunar Orbit. - The EVPE shall only provide for an

equatorial Moon orbit with dewviations of + 5 degrees about this orbit in
either circular and/or elliptical trajectories from 6 to 200 nautical
miles (nm) altitude. Nominal trajectories are as depicted in Figure 8.
Velocity and scenes shall be as listed below.

NCMINAL TRAJECTORY

CHARACTERISTICS EQUIPLENT CAPARILITIES
(&) Altitude \ 80 nm 6 to 200 nm
(b) Velocity with , L000 to 6000 ft/sec
respect to Moon 5285 ft/sec' (This will allow an

arrroxirate 33,020 ft
rericynthion and a 520
\ nm epocynthion. o
\ accurate lunar visual
’ display required above
‘ 220 mm altitude)

(c) Orbit ’ Equatorial Moon- System shall be czrable
Crbit (Circular & of rroviding orbit ircli-
Elliptical) . nations of up to +45

degrees with deviations
from this preselccted
orbit of + & Ziorrees.
Crbit cen be circular
from © to 200 nm and ,
ellivtical from 2 to 200
nn for a rtreselected peri-
lune longitude. Design
shaell be such to accomo-
date Polar Crbit by
future modifiecation.

(d) Earth ' Distant earth with semi
' fixed cloud cover. - Earth
landmarks as aprropriate
‘to distznce end erhemeris.

Code 26512 Eng-270C QB W7 : EDP Sheet N&'s.17 '
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3.3.2.1

(e) Moon Details

(Continued)

NEMIMNAT TRAJECTORY
CHARACTERISTICS

EQUIFMENT CAPABILITIES

Scernes covering Lunar
Surfaece shall be compati-
ble with the orbital
altitude specified zbove.

Lunar detail shall be
shown out to the horizon
or to 8° from nedir,
whichever is the lesser
angle. The horizon line
shall be correctly placed
end oriented in relation-
ship to the wvehicle.

10 specific landing sites
&s follows:

Terzet lo. Long. lat.
I 36955'E. 1945,
iT 31002'E.  COX0'H.
IIT 28%2'g. 19101,
v o4®10'E. %10y,
v 12050'E. %20y,
VI 1928w, 0308,
VIT 13°15'W.  £0Ls5ty,
VIII 28%15'w. 245y,
Ve 31930'w. 1%5's.
X §1%30w. 1%10's.

Iandrarks ani landing
sites to be displayed in
either earth shine or sun-
shine es appreopriate to
the erhemeris.

Design shall not preclude
presenting partial earth
shine and sunshine portions
of Moon. :
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3.3.2.1 (e) (Continued)

NOMINAL TRAJECTORY
CHARACTERISTICS

N

- EQUIFMENT CAPABILITIES

(e) Moon Deteils -
(Continued)

Where lunar surface de-
tails are not known or
indeterminate, artist
concepts shell be used
with Grumman approval.

Lunar scenes with respect
to 360° ettitude changes
about each and/or any
combination of vehicle
axes.

The lunar horizon line
shall be simulated in
true persyective from
200 mm altitude to touch-
down.

Code 26512
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3.3.2.2 Coastlng Descent Transfer Orbit. - The EVDE shall have '

the following capabilities while in the trajectory characteristics of the
Coasting Descent Orbit (see 6.2.2.1) as specified herein. Nominal Trajec-
tories are as depicted in Figure 9.

TRAJECTORY

CHARACTERISTICS EQUIRNET CAFPARILITIES

(a) IEM Altitude 80 nm to Pericynthion 200 nm to Pericynthion of

of 50,000 ft. 2 mm

(b) IEM Velocity

IEM Orbit

5085 ft/sec to

5670 ft/sec

Syrichronous with
" Csit from 80 nm

.L020 ft/sec to 6000 ft/sec

2t Pericynthion.

Synchronous Orbit from
200 nm to Pericynthion

Altitude to of 2 nn.

: 50,000 ft. )

‘ . (d) loon Detail ame &s in lunar orbit (i.e,
] . reater detail persrective

c
grea
et lower altitudes).

6]

(e) -Earth ame &s in lunar orbit.

(£) csM At ranges of 1L,000 feet
end greater, CSM is viewed
as a steady or tlinking
wvhite light, the intensity
of which is dependent on
range. from 14,000 feet
down to 8,000 feet the €S
becomes visible as an
object. At ranges of 8,000
feet. down to 2,500 feet
CS!{ becomes visible in
shepe. At 2,520 foot range
rerception of detail com-
mences and increases down
to terminal docking with
the LEM (as shown in Figure
3). Figure 10 shows pro-
file of final rendezvous
and docking rhase.

Eng-278C 20




i i _ PRTE PR AT I e T T

Spec. No. ISP-14140-41001B

SPECIFICATION Daes 62765
Page: 20
3.3.2.3 ' Initial Powered Degcent. - During this phase (see Figure

11) the equipment shall provide an off-course capability of + 1/2 degree. .
In the initial powered descent (see 6.2.2.2.1) the EVDE shall be capable
of presenting visual scenes with a variation of + 50% in the horizontal
velocity and + 10% in the vertical velocity. The equipment shall be cap-
able of detail viewing out to 80 degrees minimum from the nadir throughout
the full altitude range. )

3.3.2.4 Final Pcwered Descent. - In the finel powered descent
and flare (see 6.2.2.2.2) rkase the LVDE shall be capable of generating
and prresenting visual scenes with & variation of + 20% in the horizontal
velocity and + 309 in the verticel velocity as the IFM is free to maneuver
with 6 dpgrees of freedom. Attitude chances include continuous goy rota-
tion about any axis for altitudes above 1273 feet from the lurar surface.

The nominal Trajector" for the Final Pouvered Descent’
and Flare, which starts at eyproximately 20 nm from the chosen landing cite
de teruinates at a roint of approximately 1200 feet altitude is as sypeci-
fied in Figure 12.

The georetry of the powered descent is &s specified i

n
Figure 13
3 3.2. Flare to Ianding. - In the flere to landing Ct're (see
6.2.2.2.3) the disrlay cquirment shell be carable of generating and present-
3 1uly £ &
ing v1uual scenes with a variation of + 509 for the Sink Rate, Sarface
Velocity and Total Velccity. Trajectory raramciers are as syecified in
Figure 14, sheet 1 and 2.
3.2.2.6 o nred Lscent. - In the following conditions of the

. powered ascent (see £.2.3.1) stare the display equirment shall be capsble
of generating and dlsplavlng the visual scenes through the full range of
the IEM dynamic characterictics as outlined in Table T.

(a). The LEM ascent begins vhen the CSM has passed over the launch
point and leads the LEM by a central angle of epproximately 1.8
degrees.

{b) The LE! ascends at a pitch angle referenced to the local horizon
at time = 0 of 90 degrees.

(c) t anprojlwatel) 17.5 seconds a constant pitch rate of -10
degrees/second may be initiated.

Eng-27%¢C 21
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3.3.2.6 (Continued)

(d) At time = 24 seconds pitch rate may be changed to 0.125
degrees/sec. (This pitch rate may be maintained until
end of boost (Time = 296 seconds)).

(e) Burnout velocity {in attaining the Hohmann orbit) which will
be 5,580 ft/sec. and et an altitude of 49,930 feet.

(f) Hohmenn orbit with apocynthion of 80 rm.
(g) At a constant altitude of 80 nm and in circular orbit.

Nominal ascent trajectories are as specified in
Figures 15 and 16.

Eng-278C




e

LSP-1440-41001B

Spec. No.
SPECIFICATION Date: 6-2-65
‘Pagcz 22
3.3.2.7 Rendezvous and Docking. - In the Rendezvous and

Docking phase the EVDE shall be capable of generating and precentlng
views of the CSM vehicle as described by paragraph 3.3.2.2(f).

3.3.2.7.1 Rendezvous. - In the Rendezvous phase (see 6.2.3.3)
the simulated view of the CSM vehicle shall be presented to both crew
members, simultaneously and in proper perspective, through the two
forward window displays. In addition to the forward window view
presentation, the EVDE shall also be capable of presenting a view
through the overhead window_,arnd through the telescope. The view of the
CS8M through the forwdrd windows, the telescope, and the overhead window
need not be presented simultareously. The particular display shall be
seledted externally by switching signals through the Interface Junction
Section. During the Rendezvous phase the EVIE cball be capable of
presenting a view of the CSEM through the full 360 rotational range of
the LEM and CSM vehicles, at the angular rates and accelerations
specified by Table I, In additiocn, the maximum relative velocity and
acegleration, as a function of range between the two vehicles, shall
comply with the requirements of Figure 10. The specific values of
velecity and acceleration indicated by this figure apply to both closing
and ;éyaration raneuvers, inciuding "fly-by". A "fly-by" maneuver occurs
whén £héktwo vehicles pass each other, i.e., the range vetween the CSM
ard LEM vehicles decreases to a minimum and then increases.

3.3.2.7.2 Dockine, - In the Docking phase (see 6.2.3.L) the
simulated view of the C& vehicle shall te presented to the crew members

.as described under parasraph 3.3.2.7.1l, with the following exceptions:

(a) The telescove view is not required.

(o) "Fly-by" maneuvers shall be simulated to a minimum "skin-to-
skin" range of ten feet.

(c) Inside this 10 feet range, simulation of the angular excursion
of the two vehicles with respect to one another shall be a
minimum of 10° from the normal decking attitude. The CSM
center-line shift carability shall be a minimum of one foot
from the normal docking position.

Code 26512 Eng-218C- QB 667
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3.3.2.7.2 (Continued)

(d) Dockiﬁg shall be presentable at either the forward or the
overhead docking hatches. These locations shall be defined
by -Grurman.

3,3.2.8 Earth Orbit. - Limited Earth orbits shall be simu-

lated by the EVDE. The orbit capabilities shall be as follows:

(a) Orbits of from 100 nm to 300 mm altitude.
(b) Orbits of inclination angles to the equator of up to + LO degrees.

(c) Earth views with fixed eloud cover with detail out to the
horizon.

Code 26512 Eng-278C QB 681 : EDP Sheet No.
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3.3.3 Solar Effects. - Solar effects shall be simulated by.

providing two types of wvisual displays. One effect 1s concerned with the
flash blindness of a crewman as caused by the Sun entering his field of
view. The EVDE shall present the flash blindness by "washing out" the
display under observation. The other type of display is concerned with
the visual cue due to Sun-shafting as provided by the Sunshine entering
the cockpit from cutside the crew's field of view. The EVDE shall provide
sufficient collimated illumination to indicate the Sun's direction in the
appropriate window plane.

3.3.4 Accuracy. - The dynamic and static accuracy of the
EVDE shall be as follows: ’

(a) Dynanic - The EVDE skall follow a ramp rate input within 5% and
shall settle out within 0.5 degrees of the final input sigral
within 25 miliiseconds. The sencitivity of the systems shall
be such that @ cignal equivalent to a 0.05 degree change shall
cauze the EVDE to track smoothly with no perceptible or notice-
able jitter. TFor translational velccities the accuracy shall
be + 2% of input rate from 240D to $000 feet/sec; + 3% from
500 to 2k00 ft/cec and + 5% from 20.to 500 ft/sec, For trans-
lational velocities the system shall settle out within 5% of
the final input signal within 25 milliseconds.

(b) Static - Static accuracy in rotational position shall be + 0.5
degreec about all axes, OStatic sensitivity shall be cuch that
a signal equivalent to 0.05 dezrees for any axes shall cause

start of repositioning in a smooth manner. ¥or translational
ranges the accuracies shall be as fiollows:

(1) ORBIT
+ 1% for orbital position (200 nm to 6 nm)

(2) RENLEZVOUS-DOCKING -

1% from 30,000 to 10 feet
10% from 10 to 4 feet

[+ 1+

(3) LANDING '

+ 1% from 2,000 to 20 feet

-279C
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< 3.3.5 Scene Brightness. - Scene brightness as seen by the

astronauts from their normal eye position in the LEM mockup shall be as
follows: : . .

(a) Moon Surface (Sunlit Side)
© 7.5 Ft Lamberts (Min.)

(b) Moon Surface (Earth Shine Side)
0.1 + .02 Ft lamberts

(¢) €M (Rend. & Docking) (in Sunshine)
7.5 Ft Lamberts (Min.)

(d) CSM (PRend. & Docking) (in Earth Shine)
0.5 + .1 Ft Lamberts

_ Yhen TV hizgh light brightness is -expected to be less
than 7.5 ¥t Lamberts Grurman approval shall be obtained.

The ccene brightness listed above .is at the nadir
view, Due to the abcence of a lunar atmosthere the scene brightness
falls cif rapidly as the angle increases from the nadir, Thnis fall-off
of 'scere brightrness with change of viewing anzle shall be incorporated
into the EVDE., Contrast range due to the different albedos of the various
subcstances that make up the lurar surface shall be simulated. This
contrast rance is approxirately 6, however, in the absence of incident
licht (surface in shadcws) this area shall be as black as the state of
the art permits. BErightness of each star shall ve to the nearest
recnitude (that is a brightness change of 2.51 is equal to a one (1)
racnitude change). Brightness shall be rounded to the nearest magnitude
integer.

3.3.6 . Iunar Model. - A model of the lunar surface composed
of three (3) different surface types, "A", "B", and "C", shall be supplied
by the vendor. Size and scale of the model shall te approved by Grumman.

3.3.6.1 Surface "A". - Surface "A" shall contain hummocks
(approxinately conically chaped) ranging in size from 20 inches in height
with.15 degrees sloping sides to 400 inches in height with 30 degrees
sloping sides. BSurface "A" chall also contain small fissures and fault

Code 26312 Eng-270C QB 687
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3.3.6.1 (Continued)

scarps ranging in size from 4 to 23 inches in width for fissures (length
of fissure can be varied to fit in with the surrounding landscape), and
ranging in size from 4 inches to 55 inches in height for fault scarps
(length of fault scarps can also be varied to fit in with surrounding
landscape). :

3.3.6.2 Surface "B". - Surface "E" shall contain blocks
(approximately rectangular shaped) ranging in size from 20 inchkess to
400 inches in height. Surface "B" shall also contain large fissures arnd
fault scarps renging in size from 20 inches to 200 inches in width for
fissures (length of fissure to agree with width and surrounding land-
scape ), and ranging in size from 20 inches to 200 inches in height for
fault scarps (length of fault scarp to agree with height and surrounding
landscape).

3.3.6.3 Surface "C". - Surface "C" shall contain surface

- features shown in photographs teken by Ranger VII spacecraft. TFhotograris

showing surface features are a&s follows:

(a) NASA 8-64-29031

(b) HASA  S-6h-29032

(¢} mASA  5-064-29033

(d) NASA S-64-29035

(e) NASA S-6h-29040

| Surface "C" chall include, but not be limited to,

craters ranging from 3 feet to 300 feet in diameter, with depths of from-

1 foot to 100 feet, respectively. The craters shall have rounded corners.

IOTE: The larger craters shall contain secondary craters.
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3.3.6.4 Lunar Surface Details Not Specified. - Where lunar

surface details are not known, or are indeterminate, artist concepts

chall be used with Grumman approval. Artist concepts shall make use of

the following HWASA documents for surface details:

(a) NASA Document "Visual Detection of Protuberance Hazards on the
Lunar Surface".

(b) NASA Document "Envircmmental Factors Involved in the Choice .of
Iunar Operational Dates and the Choice of Iunar landing Site”.

3.3.6.5 Tunar Horizon..- The lunar horizon line shall be
simulated in true persective,

3.3.6.6. Contour Feps. - Contour maps (2) shall be provided
which indicates elevaticn contours of 5-foot increments. The elevation
accuracy of the fully installed model as related to this map shall be
+ 2,5 feet. The contour raps shall be as follows: '

(a) One at 1:1 scale

(b) Ore with three {3) separate sheets; each 22 inches x 3k inches.
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3.b Standard Conditions. - The following opefating

conditions shall be used to estsblish performance characteristics as
outlined in this specification:

Temperature
Altitude
Vibration
Humidity

vo3Ls

requirements.

L]
o

', Temperature

T\\Altitude

\‘\
Humidity

a1t Spray

Sand and Dust

Shock -

Room ambient 25°C +15°C -5°C
0 to 2,500 feet
None

15 to 95% relative humidity

Ticn-Creraticnal Ccnditions. - The EVDE shall be cap-

during transportation and storace.
of paragraph 3.4 it shall be ¢

able of withstanding the following non-operational envirommental conditions
O (Ve Py

wren returned to standard conditions

ble of operating within its prescribed

0°F to 130°F
0 to 20,000 feet

0 to lOO%; lOO% relative humidity
to be condensate

Salt atmosphere as experienced in
coastal areas.

As encountered in desert and ocean
beach areas (i.e. 140 mesh silica
flour with particle up to 500 ft.
per min. )

Shock accelerations of 11 +1
millisecond duration at 20g, along
each of the three mutually perpen-
dicular axes. Shock pulse to be
sawtooth waveform, 11 ms rise + 1 ms
decay.
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3.6 Tdentification of Product. -
3.6.1 Identification Data Reaguirements. - The following

identification data shall be included on the nemeplate, and the nameplate
shall be affixed to all items of manufacture, except as otherwise speci-
fied herein, '

(a) Identification Data -
NOMENCLATURE |
CONTRACTOR'S CONTROL NUMBER
- SERIAL NUMEER
CONTRACT NIU2EER (ORDER NUMEER)
MAMJFA(.;.‘IURER'S FART NUMBER
MANUFACTURER'S NAME, TRADE MAEK OR c;bDE 'SYMBOL

'STECIAL CHARACTERISTICS (LATE OF MANUFACTURE, ETC.)

3.6.2 Iefinition of Identification Terms. -
3.6.2.1 Lizmenclature, - Homenclature shall be identical to the
appreved title of the srecification to which the item is designed.

Eng-279C
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3.6.2.2 Contractor's Control Number. - Contractor's control:
number shall be assigned by the vendor.
3.6.2.3 Serial Number or Lot Number. - Serial or lot number

assignment shall be established by the vendor and subject to Grumman
approval. These numbers shall be unique and consecutively ass1gned to
items bearing the identical manufacturer's part number.

3.6.2.4 Contract lurber. - Contract number is NAS 9-1100.

3.6.2.5 Manufacturer's Part Number. - The manufacturer's part
number shall be the number identifying the item. Numbers assigned to
- ldentify sales, outline, installation, specification control or purchase
control drawing for procurement of items by contractor shall not be used
on the manufacturer's part nurber. An item shall always be identified
by the original assizned rart number throughout its life, regardless of
where uced.

3.6.2.6 Manufacturer's Name, Trade lMark or Code Symbol, -
. The name, trademark, or code symbol entered chall be that of the
ranufacturing activity.

1 Charactericticc and Information. - Pertinent
eristics, ascembly data and other information
ion may be entered.

3.6.2.7 Sreci
ratings, operating charac
necessary for identificati

o
-
C

3.6,2.8 U.S. - The notaticn "U.S." shall denote Govermment
ownersnip. Other notations such as USA, NASA or IEM shall not be used.

3.6.3 Yarking, -
3.6.3.1' Identification of Items Without Suitable or Sufficient

Marking Surface, - Items which do not have suitable or sufficient surfece
to reflect the complete identification data shall, as a minimum, be
accompanied by suitable means of identification subject to Grumman
approval. ‘

3.6.3.2 Identification of Unmarked Ttems Subject to Removal
After Installation. - Unrarked items which are subject to removal after
installation or assembly, shall be identified by the manufacturer's part
number and serial or lot number., The identification marking shall be
applied to the adjacent surface of the item in which the unmarked item
is installed.
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3.6.3.3 Items Intended fer Permanent Installation. - Items

which lose their identity after installation (e.g., items installed by.
welding and non-removable hardware) shall not be reidentified.

3.6.3.4 Rewcrked or Selected Items. - Items reworked or
selected for special fit, performance or tolerance shall require re-
identification as specified in 3.6.1.

3.6.3.5 Methods of Marking, - Identification. of items shall
be accomplished by sultable marking methcds, materials and nameplates
vwhich will not adversely affect the item to which they are attached.
All markings shall be permanent znd legible.

(a) Nemeplates Attached by a method allowing
(wraperound tags) alteration of data, without
requiring relisting.

(b) Stencil or £rolied over extericr finish and
decalecomanisa . wihich may be removed; obliterated
or otherwicse altered without affect-
ing the exterior finish.

(¢) Acid or electric Shall be located where obliteraticn
etching or encreving and additicral rmarrings may te
: added without retesting.

(d) PBrandinrs, emboscsing ' Shall be uced following the pro-
or molding ' cedure for (c) sbove., Grumran
Structural Engineering approval for
use of thece methods shall be ‘
required.

3.6.3.6 Iocation of Nameplate or Markings., - Wherever possible,
the nameplate or marking shall te vicible and readeble after the item is
acsenbled or inctalled., Other methods may te used provided they are
entirely suitable for the intended purpose. Methods and materials shall
be subject to Grumman approval.
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2.7 Reliability. -
3.7.1 Numerical Reliability Requirements. - The EVDE shall

be of such design and construction that the mean time between failure
shall not be less than 2800 hours. A failure shall be interpreted as any
action that would require complete shutdown of the EVDE or necessitate a
maintenance procedure that would interfere with the performance of other
I}S equipments and result in an aborted training mission. Failure to

comply with this paragraph shall be negotiated with Grurman before taking
corrective action.

3.7.2 Accurulated Operating Time. - The EVDE shall be de-
signed to operate for an accumulated orerating time of 37,000 hours before
major .overhaul 1is needed.

3.7.3 laintainebility. -
3.7.3.1 Vaintainebility Desisn Criteria. - During the design
phase, the following raintainzbility objectives end related technical and |

orerationzal constraints shall be considered as a minirnum to determine the
crtimum rmanner of setisfying the maintaireability requirerments for the
exterral visual display equirment:

(a) Design so that all faults can be isolated to &n acceseible re-
meveble azccrbly or coumponent.

(b) - Desirn so that faults can te isolated and corrected within 32
minutes from shutdowm (following failure) in 95 percent of all
cages.

{e) Desicn so that scheduled calibration and adjustuents shall not
be required during any 350 hour period of operation.

(3) Desirn so that start-up procedures for reinitiasticn shall not
exceed 2 minutes in 95 rercent of all cases.

(e) Fuses, if used, shall be readily accessible and shall be
externally mounted.

(f) Standardized comporents requiring a minimum of lubrication,
adjustment, cleaning, and protection shall be used wherever
standardization does not penalize the EVDE in performance and
reliability. : '

Code 26512  Eng-279C QB 687 i EDP Sheet No._3_3_
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3.7.3.1 (Continued)

(g) Sequential assembly and subsequent disassembly arrangement of
detail parts shall be avoided wherever possible.

(h) Sequential alignment and calibration arrangements shall be
avoided wherever possible.

(i) fThe vhysical arrangement of comrcnents shall be such that they
can be readily inspected, serviced, calibrated, and, if neces-
sary, adjusted without removing the component end with minimum
disturbance to other parts.

(3) Design so that imspecticn,
shall be eccompliched ucing a
equipment.

minimum of tools or suppor

() Provide adequate test voints to facilitate repid malfunction
isolation to the reroveble assermbly.

2.8 Mounting,, - Mcunting herédware and structure that will
ccennect Lo the sirmuluted IEN carsule must be corretible with the cimu-
lated IEM cepsule. Stvuc+ural “fonirpﬁen s of the carcule and dsta will

3.9 Service Conditicns. - The equipment chall be designed
and ccnstructed so that no {ixed rert or assewbly shall becowme locce; no
moving or movable yart or ascgembly ckzll becorme undesirably Tree or slur-
gigh in ororeticn; no movable rart or control shall be shifted in its set-
ting, vosition or adjustment tetween gcheduled raintenance jericed
degrafation shall be cauzed in the terformance telow that srecifi
normal operating ccnditions.

3.10 Warm-up Tinme. - The time required for the equirrment
to warm-up prior to oreration shall be kept to a rmaximum of 15 minutes.

3.11 Cooling. - The design of the equipment shall provice
for siequate distribution of air for cooling purroses, under operating
conditions. Any ventilating apertures shall be protected from adverse
elements entering equipment.

Code 263512
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3.12 Finish and Protective Coatings. - Finish shall be

applied to all surfaces where consideration of appearance or protection
against corrosion and ether deterioration exists. Application of finish
shell be accomplished in such a manner as not to impair performance of the
simuletor. '

3.12.1 Surface Prevaration. -~ The exterior and interior
surfaces of all enclosures shall have 211 rust, scezle or other corrosion
rroducts and flux removed. All machining operations (such as drilling,
tarving, grinding, and the like) shall be completed before the corrosion-
resistant treatment is applied, except in those instances where elecirical
borliing is required for shielding or connections and the rresence of pro-
tective finishes would prevent proper bonding. OSurfaces shall be free
from grease, o0il, dirt, and surface irregularities and shall be in & clean,

smooth conditio

vii LK iz

b
guitable for the intended finishes.

2.12.2 ’ ¥etal Surfaces. - Metal surfaces which affect the
outward appearance of the training ecuipment shall be finished with suit-
eble coatings of untextured Epoxy Polyamide. FPrior to rainting, surfaces
shell be:

—~

a) Su -4 by ebrasive blesting where reauired and

aned with MIL—T—; 03 solvent (or its equivelent).

1 receive & chemical conversion coating in
C-5541 for aluminum materials, and
3 Type M for ferrcus metals (or ite equivalent).

(b) Metal swrfaces shel
accordance with MNIL-
MIL-P-162323, Class

(¢c) Topcost to be specified by Grurman.

R.12.3 Weod Surfaces. - Surfaces of soft wood or other rafur-

&lly hygroscopic materiazls, if used, chall be thoroughly esaznded and sealed
zgainst penetration of m01sture using sealer conforming to TT-8-176. The

use of sealer on hardwoods shall be optional. The surfaces shall be raint
ed with appropriate coatings of* enamel conforming to TT-E-527 or TT-E-529
as required. :

3.12.4 Aluminum Alloy Pa*ts. - Alvminum alloy parts shall be
covered with an anodic coating conforming to MIL-A-8625, excert as
follows: ° ,
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3.12.&.1 Dials, small holes, and case inserts need not be
anodized.
3.12.4.2 Aluminum alloys which do not enodize satisfactorily

shall be coated with a chemical film in accordance with MIL-C-5541.

3.12.4.3 Where the primary purpose of the treatment is to
afford a suitable paint base, chemical treatments in accordance with
MIL-C-5541 may be used in lieu of anodizing.

3.12.4. h : Castings containing nonaluminum alloy integral inserts
mey be treated with a chemical film in accoraance with }ML-C-5541 in.lieu
of anodizing.

3.12.4.5 When abrasion resistance is a factor, chemical fiin
in accordance with MIL-C-5%41 shall not be used in lieu of ancdizing.

3.12.5 Steel Parts. - Where painting the surfaces does not
afford sdequate protection acainst corrosion, steel rarts shall be
cedrium plated in accordence with QQ-P-L16, Type II or III, as arplicable
end of a class that is adequate to achieve the degree of protection

required.
’ 3.12. 5 Where the rrimary purpose of the treatment is to
ff 3 a suitsble peint base, chemical treatment in accordance with
TL-7-152325 shall be used in lieu of plating.
2.12.6 Tastic Covers. - The plastic covers ugsed for conveni-

ence of maintenance shall be rolished to a high luster and chall be free
from all residue of buffing rouge or rolishing compounds.

2.12.7 Plating. - Electrodeposited metellic coztings shall te
as specified herein. The plating thickness in all cases shall be adequate
to essure conforrance with the reguirements for conductivity and corresicn

esistance. Flating is not required on parts such as bearings, gears end
chafts fabricated or machined from btrass, bronze, or corrosion-resistant
steels, unless they are in contact with d1551r11ar metals under-corrosive
cenditions.
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3.12.8 Color Standards. - Colors, conforming to Federal
Standard 595, shall be applied as specified by Grumman.

» 3.12;8.1 A1l simulated IEM cabin equipment and enclosures
shall be painted the same colors duplicating the LEM.

_ 3.12.8.2 Instructor chairs shall be painted dark green, color
24108. : : .

‘3 13 ' Iétterinﬁ. - Gothic type lettering shall be ﬁced'and
shall be lusterless black in conformance with Federal Standard - 595 color
" 37338"

3.1k - Border. - A border of 1/4 inch or more shall be pro-
vided tetwzen the lettering on a panel and the panel's edge.

3.15 " Iegibility. - Lettering chall be legitle and sball be

d951gnea to remain so for tnhe service life of the LiS.

4 QUALITY ASSURAIICE FROVISIONS

L1 "“onerel. - The eguipment shall te inspected to ce-
termine compliance with the requirerments of this srecific at ion with resrect
1o matcrials, Trocesses, workmanchir, Y%Tflnbo, accessibility of units,
zscemblies, test p01ntu, and electrical/mechanical connections.

Lo1.1 The equirment shall be subjected to tests that will
ermine its compliance with the requirements of this syecification with
card to accursey, resolution, rerformance, alignment and calibration
ts ghall corsist of but not be limited to orerating the equipment upder
vimum and maximum voltares specified, checking marximum and minimunm rates
d accelerations, fidelity of visual display and visual display &t mini-
mum and maximuri ranges.

L,2 Quality Control Program. - The quality control pro-
ram skall bte in accordance with the reguirements as srecified in Grummen
endor Quality Control Procedure Q.C.P. 2.12.

£r
Ve
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L3 - Testing. - The following tests shall be performed:
(a) Acceptance Tests
h.h Accertance Tests. - Acceptanée tests shall be made on

equipment to be supplied under the contract and shall consist of the
following:

(a) Vendor's Demonstration Test E .
(b) Service Approvel Test
T ' Vendor's Demonstratidn Test. - Vendor's demonstretion

test shall be accomplished under the resvonsibility of the vendor and
shell be conducted in accordznce with the aprroved test procedure in k.5.

The vendor shall submit all data collected in conducting these tests to

Zrurman for review and approvel. The vendor shall-notify Grurmran when
tests are to be conductei so that Grwman and UASA rerrecentetives may be
designated to witness or surervise the tests vhen so desired.

RIS I | Lccessory” crial. - In eddition to the completed
Der.onstration Tested rVIE, the vendor shall also submit the
ory-raterizl, i.en, (design and test data compiled from the Vendor's
trution Test) as pari of the eguirment. 7This equirtent shall indi-

salel

e fvvrovel Test. - At the completion of the
t and when requested by Cruntman, the EVDE shall
i

h.oh.2 Service
Vendor's Demonstration Zes
te delivered to & site des

Test. This test nay consist of duplicating tests previously conducted
and sueh other tests deemed nzcessary to determine compliance with all
arrlicable design end perforrance requirements. In addition to the exami-
ration of the product, the EVDE shall be operated long enough to permit
the EVDE temperature-to stsbilize and to check all charescteristics &nd
record adequate date to assure satisfactery EVDE oreratien. During un-
racking, setting up of ZVDE, eligrnment, calibration end ell tests the
vendor representative shall be present.

Code 28512
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L.s Test Procedures. - The procedure used for conducting

acceptance tests shall be prepared by the vendor and submitted to Grumman
for review and approval. The right is reserved by Grumman to modify the
tests or require any additional tests deemed necessary to determine compli-
ance with the requirements of the specification or the contract. Prepa-
ration of test procedures shall include, but not be limited to, testing,

to the logical sequence of presentations and the use of diagrams for practi-
cal functional test set-ups. When test procedures ere available from
previous contracts, such procedures may be used when approved by Grumman.

L.6 Presutmission Testing. - No item, part or complete

EVDE shall be submitted by the vendor until it has been previously tested

and inspected by the vendor arnd found to comply, to the best of his
xnowledge, and belief, with all eprlicable requirements.

L7 Rejection and Retest. - EVDE assemblies vhich have
teen rejected may be reworked or have parts replaced to correct the de-

-fects and resubmitted for acceptence. Eefore resucbmitting, full perticu- .

lars concerning previous rejection and the action taken to correct the
defects found in the originsl shall be furnished to Grurman.

5 FREFARATION FCR DELIVERY
5.1 General. - The preraration for delivery shall render
the EVDE carable of long term reucable storage end shipment without degra-

v'tlon of rcliab111 * Lecearse of corrosion, contamination or physical
izsmare from shoek, and vitration or other shipping hazards encountered
aurlpb handling ard trancroriztion to its firnal destination.

5.2 Freservetion ard Tuckaring. - The EVDE chall be pzacked
in such a menner as to meet tho ¢nvirenmental requirements stated in this
sprecification. Cleanliness of the barrier materials shall bte the same as/
or greater than the cleanliness level of the eguirment being packared

Gy O

5.3 Edequacy of Tackaging end Tecking. - The EVDE shall
te shipred in a suiteble rarner to ensure safe delivery. Faouipment shall
be rrotected with shock ztsorbing uwzsterial and secured in vans specially
designed for the transportation of shock sensitive equipment. The vendor
shall assume all responsibility for safe delivery. Adequacy of packeging
shall be verified by Grumman.
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5.h Marking of Shipments. - Interior and exterior contain-

ers shall be durably and legibly marked such that the markings shall pro-
vide the following information:

Ttem Name

Contractor's Coentrol No.

Stock No.

t

Contractor's Order No.

Manufacturer

Late of Mznufacture

6 WOTES

6.1 Interded Use., - The EVDE is intended to be integrated
vith the LIS for the troining and checkout of & two-man crew in resrect
to the scenes they will cncounter on the trip from the CSM to the moon and
return. Tt may also bte arrlied to training of & two-ran crew during limit
ed barth-orbital migssions. ‘ . :

6.2 Definitions (Crerational Fhases). -
- .
£.2.1 Lurner Crbit. - The Lunar Crbit starts after success-

ful injection of the CSi into luner orbit, end terminates after the LEH
separates from the CSHM.

6.2.2 _ Descent. -

6.2.2.1 - Cozsting Descert Transfer Crbit. - Thescoasting de-
scent trancsfer orbit cterts with tre incertion of IEM into a coasting
gescent orbit end terminztes &t the initiation of powered descent.
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6.2.2.2 . Powered Descent. ~ The powered descent starts at the

. completion of the coasting descent transfer orbit and terminates at LEM
touchdown on the lunar surface. ' For .convenience, this mission phase is
subdivided as follows: :

6.2.2.2.1 Initial Powered Descent. - The initial powered descent
starts at the completion of the coasting descent trensfer orbit and ends
vhen the LEM is 20 nm from the lending site. :

6.2.2.2.2 Finel Powered Descent. - The finel powered descent
starts when the IEM is 20 nm from the landing site and terminates with a
flare maneuver.

6.2.2.2.3 Flare to Larding. - Flare to landing starts at
erproximetely 1220 feet and includes translation to the desired landing
site and ends at touchdiown. . '
6.2.3 Ascent. -
5.2.3.1 Powzred Accent. - FPowered ascent steris with the sscent
enginn ipnition and terminates with insertion into the coasting ascent
transfer orbit or a parking orbit.
h.2.3.¢ ansfer Crtit. - Coasting ascent
transfer ortit “ter insertion into the coacting ascent
“transfer ortlt, tion or from & rperking orvit, and
terminates whe RS on from the CSH.

» £.2.3.3 Rendezvous. - Rendezvous starts 20 nm from the CS! and
terminates when the Ll is 530 feet from the CSIL.

ckirng. - I'ocking starts 520 feet from the CSM and

6€.2.3.4 Docl
CSi{ contact at either overhead or front hatch.

terminates at LEL -

6.2.4 Lbort. - Abort trajectories are a family of possible
trajectories thet may te initiated at any point during the IEM mission
due to a system failure that affects crew safety, or due to undesirable
deviations from the nominal mission plan. These trajectories include the
transition maneuver necessary to leave the planned trajectory as well as
any coest and final burn rhases at rendezvous.
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6.2.5 "~ Resolution. + Resolution is that'anglevsubténded be~-

tween two obJjects so that determination of two objects can be ascertained.-

6.3 Performance Chjectives. - Simplicity of operation,
ease of maintenance, and an improvement in the performance and reljiability
of the specific functions beyond the requirements of this specification
are objectives which shall be considered in the design and fabrication of
this equipment. Where it appears & substantial reduction in size and
weight or improvement in simplicity of design, performance, ease, of main-
tenance or reliability will result from the use of materials, parts and
processes other than those specified, a request for approval shall be sub-
mitted to Grumman for consideration. Each request shall be accompanied by
complete supporting information.
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TABIE I

IEM AND CSM DYNAMICS

Both vehiecles shall be assumed to have the following characteristics: .

Angular Rate

X-Axis = 0 and 0.01 to 60°/SEC
Y-Axis = 0 and 0.01 to 60°/SEC
Z-Axis = 0 and 0.01 to 60°/SEC
Angular Acceleration o ‘ .
X-Axis = 1. OO/QEC to 60°/sECS
Y-Axis = 1. ao/src« to 60°/SECE
Z-Axis = 1.0°/SECZ to 60°/SECe

Linear Rate (Using Reaction Control System)

X-Axis = .05ft/SEC to 250ft/SEC
Y-Axis = .05ft/SEC to 2507t/SEC
7-Axis = .05ft/SEC to 250ft/SEC

i

Linear Acceleration (Usins Reaction. Control System)

X-Axis = 0O to 4.0 rt/cE g (+0 to L0 f£t/SEC2 with main eng.)
Y-Axis = O to 4.0 ft/SECé
Z-Axis = 0 to 4.0 ft/SEC

Translational Velocities

Lunar Orbit - 5285 £1/SEC (continuous CM velocity)

IEY Coasting Descent Transfer Orbit - 5670 ft/SEC at Ferlcynthlon
LEM Descent - 5670 to 0 ft/SEC (Hovering Capablllty)

LEM, Burnout at ascent - 5580 ft/SEC .

IEM Hohmann Transfer - 5580 to 5285 ft/SEC

Acceleraticn Capabiiity

For injection - 16 f‘t/SEC2

For descent - 0 to 32 ft/SEcg

For ascent - 0 to 35 ft/SEC
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